Purpose: To investigate whether children undergoing a tonsillectomy or adenotonsillectomy (AT) with Coblation ® will experience less postoperative pain and return to a normal diet and a regular activity level sooner compared to the same procedure using electrocautery dissection. This may manifest less school and work missed by the child and caregiver, respectively. Materials and Methods: Seventy-four children between the ages 2 -13 years with either obstructive sleep apnea or chronic tonsillitis were recruited at a single tertiary-care center from January 2011 to November 2012 and underwent an AT via electrocautery or Coblation ® . Caregivers were given a ten-point Wong-Baker FACES pain scale and questions inquiring the degree of oral intake, activity level, and impact on both the child and caregiver in regards to missing work or school on postoperative days (POD) 0, 1, 2, 3, 5, 7, and 14. Results: Children in the Coblation ® arm required less pain medications (p < 0.0022) and improved drinking subjectively (p < 0.0049) on POD 0. Subsequent results were not significantly different for any other day. Age-and gendered-controlled multivariate analysis revealed a statistically significant difference in pain medications administered (p < 0.0001) but not pain scores (p < 0.2115) between the two techniques, although this difference in medications is likely related to the results observed on POD 0. There was no incidence of postoperative hemorrhage in either group. Conclusions: While there was less pain medication administered and slightly improved oral intake of liquids on POD 0 for children in the Coblation ® arm, there was no difference in subsequent postoperative outcome or hemorrhage rates.
Introduction
Adenotonsillectomies (AT) are regarded as one of the most common pediatric surgical procedures performed in the United States yearly, typically tasked to treat sleeprelated breathing disorders attributed to tonsillar and adenoid hypertrophy or to alleviate the impaired quality of life associated with recurrent tonsillitis. Removing tonsillar tissue has conventionally been carried out using monopolar electrocautery, as its inherent superiority in hemostasis has helped it replace cold dissection techniques historically employed. There have been numerous documented accounts and anecdotal experiences of patient intolerance to postoperative pain, odynophagia, dysphagia, and subsequent dehydration with this surgical technique. This is not surprising considering the thermal damage subjected to adjacent tissues in light of local temperatures anywhere between 400˚C -600˚C generated from direct contact between the electrode and the tissue [1] .
First introduced as a viable surgical modality in 1998, another technique by which to perform AT utilizes plasma-mediated tissue ablation. Commonly referred to as Coblation ® , this process involves passing a bipolar radiofrequency current through isotonic saline to convert it into an ionized plasma layer [2] . This layer effectively disrupts intercellular molecular bonds in the tissues resulting in a vaporization effect [3] . Surface irrigation and suction are applied to prevent significant pooling of saline inside the oral cavity [4] . Coblation ® generates a substantially lower thermal effect compared to electrocautery, estimated between 45˚C -85˚C, with a subsequent presumption of diminished collateral thermal damage to surrounding tissues [5] . As such, this decreased heat transfer is believed to translate clinically to the experience of less postoperative morbidity. No point during the procedure of the coblative energy is introduced into the body as the process is focused only on the electrodes.
There are a myriad of studies that have delved into comparing postoperative outcomes based on the surgical technique implemented to perform adenotonsillectomies. Table 1 displays a number of those that convey an advantage to Coblation ® over other modalities, while Table  2 presents a comparable number of studies that contrast with these notions.
The recent introduction of Coblation ® relative to other techniques prompted evaluations into whether or not there was an association with an increased amount of adverse events. One of the most common complications to tonsillectomies is postoperative bleeding. Table 3 presents studies that have investigated differences in postoperative hemorrhage with coblator tonsillectomies. This array of conflicting results is best summarized by a review in the Cochrane Database, which concluded that there was insufficient evidence to determine the superiority of coblator tonsillectomies over other techniques, although the authors did mention that most of the analyzed studies were of low-quality that precluded a metaanalysis [22] . Consequently, the pertinence of this investigation is with its intention to further elucidate posttonsillectomy outcomes with Coblation ® compared to monopolar electrocautery in the pediatric population. While examining commonly assessed variables such as pain levels, narcotic pain medication use, and resumption of a regular diet and activity level, this trial also monitored the recovery course's impact on the children's caregivers, keeping in mind that evaluating parental return to work has only been briefly mentioned by a few other studies [8, 13] .
Methods
Children aged between 2 and 13 years undergoing tonsillectomy or AT for recurrent tonsillitis, sleep-disordered breathing, or obstructive sleep apnea were selected between January 2011 and November 2012 at a tertiary care hospital in a single blinded fashion to have the procedure performed via monopolar electrocautery or Coblation ® (ArthoCare ENT). All procedures were performed with complete excision of the tonsils using subcapsular dissection regardless of which technique was utilized. Within the confines of informed consent the study remained single blinded. While caregivers were informed of the technique their child would undergo, there was no indication as to whether the post-operative course would vary given either technique. The surgeries were performed by resident physicians with close monitoring and assistance from one of two fellowship-trained pediatric faculty members from the Department of Otolaryngology at The University of Texas Medical Branch in Galveston (UTMB) who conducted ATexclusively with one technique.
Exclusion criteria included a history of a peritonsillar abscess, major medical problems or co-morbidities, congenital abnormalities, or acute tonsillar infection in the past three weeks prior to surgery. In addition, children undergoing concurrent surgical procedures, such as myringotomy with tympanostomy tube insertion, were excluded to help maintain similar operative times among all of the subjects. The one exception to this was if there were plans to undergo cerumenectomies as this was felt to not significantly lengthen the overall operative time.
For those selected to undergo dissection with electrocautery, tonsillectomies were carried out at settings of 15 and 12 for the cut and coagulation functions, respectively. Adenoidectomy was performed with the suction monopolar electrocautery at a setting of 35 for coagulation without employing the cut function. Coblation ® tonsillectomies were done at settings of 7 and 3 for coblator and coagulation, respectively, with an increase in the coblator setting to 9 but the same level for coagulation when conducting the adenoidectomy.
After much collaboration, the UTMB Department of Anesthesia had formulated a preset protocol for preoperative, perioperative, and immediate postoperative anesthesia. A copy of this protocol is attached as Appendix at the end of this submission.
Subjects received a one-time intraoperative doses of ampicillin 50 mg/kg (up to 500 mg) and dexamethasone 0.5 mg/kg (up to 10 mg), but clindamycin 10 mg/kg (up to 300 mg) was substituted for ampicillin in cases of drug allergy. All patients were discharged home with a seven day-regimen of amoxicillin 50 mg/kg/d divided in twicedaily dosing along with Tylenol with codeine 1 mg/kg every four hours as needed. A ten day-regimen of Omnicef 14 mg/kg/d divided into twice-daily dosing was substituted for cases of amoxicillin allergy. Azithromycin 12 mg/kg daily for five days was substituted in cases of anaphylactic reactions to cephalosporins.
Postoperative outcomes were obtained in a single blinded fashion via answers to a survey administered to the subject's caregiver. This included a combination of the Wong-Baker FACES (REF) pain scale and a set of questions-adapted from questionnaires as detailed by Chang and Myatt-in order to evaluate a child's return to normal diet and activity, pain level, and amount of analgesia used throughout the day (Figure 1) [8, 23] . In addition, caregivers were also asked how their daily activity was affected by their child's recovery course. The caregivers filled out identical copies of this survey on POD 0, 1, 2, 3, 5, 7, and 14. Other variables accounted for, but not addressed in the survey itself, included postoperative complications such as bleeding, dehydration, or any other condition that would warrant emergent evaluation or hospital admission (Figure 1) . Administer this pain scale when you arrive home from the hospital. Faces are given numbers from 0 to 10. The face on the far left has a number score of 0, the next face has a score of 2 and so on. If the face score is equal to 4 or higher, give your child a dose of pain medication. Always check to see if the pain was relieved by re-administering the scale 30 minutes after each dose of pain medication. Be sure to record all pain scores and pain medication given for that day.
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Check your child's pain level using this scale at least once every four hours throughout the day. If your child appears to be in pain at any other time, administer the scale right away and give pain medication if needed. Check your child's score right before he or she goes to bed as well. 
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Instructions to caregivers were clearly listed within the survey to maintain consistency in postoperative recordings.
Statistical analysis employed a number of endeavors given the various data points measured. A paired t-test compared age, average pain scores, and amount of medications administered. A Chi-squared test assessed for gender differences between the two study groups, while a Chi-squared test and a Mann-Whitney U test were utilized to analyze the responses to the survey questions. A repeated measures analysis using Statistical Analysis Software (SAS ® ) evaluated for trends in the pain scores and pain medications given over time.
Results
A total of 195 patients were initially enrolled, with 112 in the Coblation ® arm and 83 in the electrocautery arm. Despite efforts to secure compliance with survey responses and ensure continued follow up, there remained a 2:1 size discrepancy between the Coblation ® and electrocautery groups, respectively. 52 Coblation ® subjects and 22 electrocautery subjects returned with completed survey responses for a total study size of 74. At baseline, denoted as POD 0 in this study, there were no differences between the two groups in regards to gender, age, or average pain score. However, children who underwent a coblator AT required less number of pain medications than their electrocautery counterparts at baseline (2.27 vs. 3.64, p = 0.0022). These results are presented in Table 4 . No statistically significant differences in pain scores or medication use were observed during any other postoperative day.
With respect to pain scores, a multivariate analysis did not reveal a difference in regards to technique, age, or gender as noted in Table 5 . A repeated measures analysis demonstrated a day effect with statistically significant lower pain scores for both study groups by POD 3 and onward compared to POD 0 as shown in Table 6 and represented graphically by average pain score in Figure 2 . A multivariate analysis of pain medications did demonstrate a difference with regards to tonsillectomy technique, but there was no difference appreciated in regards to age or gender as presented in Table 7 . After excluding 16 observations secondary to missing values, a repeated measures analysis exhibited a statistically significant increase in pain medications for both study groups on POD 1 and 2 but a significant decrease in medications beginning POD 7 compared to POD 0 as presented in Table 8 and graphically by average pain medications taken in Figure 3 .
Although the coblator arm appeared to exhibit a steeper decrease in pain scores analysis (−2.28 vs −1.34) and medications (−1.31 vs −0.95) compared to the electrocautery arm between POD 7 and 14, this was not considered statistically significant on repeated measures analysis (p = 0.1871 and p = 0.3686, respectively).
The only statistically significant difference in survey responses was at baseline, where Coblation ® patients reportedly exhibited improved liquid intake than electrocautery patients. There was no difference in the amount of food consumed, type of food texture, amount of conversing, activity level, or overall mood observed at baseline. Table 9 presents these results below. After excluding a few subjects secondary to incomplete responses, it was noted that children's absence from school, work missed by the caregivers, and ability of the caregiver to accomplish the day's planned activities were relatively similar between the two groups at baseline. This is presented in Table 10 . No appreciable difference in survey responses were observed during any other postoperative day. Complications included one patient from the Coblation ® group admitted for dehydration and one patient from the electrocautery group who developed an allergic rash with amoxicillin. There were no post-tonsillectomy V. PHAM ET AL.
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hemorrhages reported in either group.
Discussion
Although there were statistically significant results to support decreased pain medication use and improved oral intake of fluids with the Coblation ® group on POD 0, the bulk of the data acquired from this study suggest that postoperative outcomes in children undergoing AT were similar regardless of which technique was employed. Just as important, there was no occurrence of increased postoperative hemorrhage reported in either group.
These results are similar to those attained by Parker et al., who noted decreased pain medication use in children undergoing coblator tonsillectomies only at twelve hours postoperatively but no difference in diet. The comparison group, however, conducted tonsillectomies via cold dissection with bipolar electrocautery for hemostasis [3] . When comparing coblator tonsillectomies with those performed with monopolar electrocautery, Chang et al. observed decreased pain medication use on POD 5, but there was also an improved oral intake and activity level [8] . Although the two study arms were different from each other only on POD 0, our study supported a statistically significant decrease in pain medications consumed by POD7 when compared to POD0 on repeated measures analysis. This was independent of the technique utilized.
Multivariate analysis revealed a statistically significant difference between the Coblation ® and electrocautery study arms in regards to the amount of pain medication administered. It was noted that the two groups exhibited a similar presentation from POD 1 through 14. The only difference was on POD 0, and may attribute to the difference on multivariate analysis. A true difference cannot be excluded, secondary to dropout, as other studies have shown a decrease in post-operative narcotic use, leading to shortened recovery times and quicker return to normal activities [24] . However, less thermal damage has been observed with coblator tonsillectomies compared to monopolar electrocautery ones despite no difference in pain, diet, activity, or return to work [13] , and this may explain the increase in pain medications given without an associated difference in pain scores observed in this study. It is conceivable that a relative increase in adjacent tissue damage with electrocautery dissection may lead to increased local edema and induce a globus sensation or discomfort that children perceive as pain and subsequently request for more medication.
This prospective trial sought to evaluate a disparity in postoperative outcomes in children undergoing AT with either Coblation ® or electrocautery. Aside from minor differences in pain medication use and fluid intake on the day of surgery, it would appear that there is likely no significant difference in results between the two techniques. As such, an argument could be made that the choice of technique is best left to surgeon preference providing that the procedure is performed safely, competently, and in the best interest of the patient. IJOHNS 
